grain-scale processes such as impact, splash, rebound dynamics (Rice et al., 1995, 63 1996; Wang et al., 2008) , and the Magnus effect (White & Schultz, 1977) . Recent years 64 have seen many wind tunnel studies of the saltation layer, measuring both horizontal The PIV principle has in the last 15 years also been applied on a larger spatial scale 74 in hydraulic investigations of water surface velocities along river reaches and 75 movements of ice floes, in an application termed Large-Scale PIV (Muste et al., 2008) . 119  120  121  122  123  124  125  126  127  128  129  130  131  132  133  134  135  136  137  138  139  140  141  142  143  144  145  146  147  148  149  150  151  152  153  154  155  156  157  158  159  160  161  162  163  164  165  166  167  168  169  170  171  172  173  174  175  176  177   97 the viewing frame. In traditional PIV the image resolution needs to be sufficiently high 98 to allow tracking of individual particles. This limits the physical scale of investigation 99 and requires specialised illumination methods and imaging devices allowing high-100 speed acquisition, at rates on the order of 1000 fps (frames-per-second).
101
This basic PIV principle can also be applied to matching the displacement of 102 portions of a continuous field pattern, rather than discrete particles, contained in the 103 interrogation windows, and this Large-Scale PIV has been extensively developed by 104 Ichiro Fujita and co-workers for the measurement of, for example, surface water 178  179  180  181  182  183  184  185  186  187  188  189  190  191  192  193  194  195  196  197  198  199  200  201  202  203  204  205  206  207  208  209  210  211  212  213  214  215  216  217  218  219  220  221  222  223  224  225  226  227  228  229  230  231  232  233  234  235  236   131 This study used a Canon XM2 PAL High Definition digital video camera, a standard 132 consumer level product. The XM2 image acquisition device has three independent CCD 133 arrays, one for each RGB colour (Red, Green, Blue), at a frame size of 576×720 pixels.
134
The frames are captured at 25 fps (PAL norm) using a progressive scan, that is, the interval between video-frames of 0.04 seconds here is sufficiently small to consider the 159 pattern to be effectively 'frozen' from one frame to the next while it is being advected.
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In detail: an interrogation window of a certain size (referred to here as the 'source' 161 window, S) is identified on the first frame, centred at pixel location (x, y). A search 162 algorithm then evaluates all the possible interrogation windows (of the same size) 163 within a defined searching area on the second frame ('destination' windows, D) at 237  238  239  240  241  242  243  244  245  246  247  248  249  250  251  252  253  254  255  256  257  258  259  260  261  262  263  264  265  266  267  268  269  270  271  272  273  274  275  276  277  278  279  280  281  282  283  284  285  286  287  288  289  290  291  292  293  294  295   164 horizontal and vertical displacements of x and y pixels relative to the position of S.
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The correspondence between the source and an individual destination window is 166 calculated as the cross-correlation coefficient, r, of the pixel values or image intensity 167 fields inside the interrogation windows, defined as: y  x  ID  IS  IS   ID  y  x  ID  IS  IS  y where R is the image resolution in m pixel -1 . 183 Depending on the size of the search area the procedure is computationally expensive, 184 requiring, for example, 10,000 separate cross-correlation calculations for a search area 185 of 100×100 pixels, which constitutes only 2.4% of the total area of a frame. 414  415  416  417  418  419  420  421  422  423  424  425  426  427  428  429  430  431  432  433  434  435  436  437  438  439  440  441  442  443  444  445  446  447  448  449  450  451  452  453  454  455  456  457  458  459  460  461  462  463  464  465  466  467  468  469  470  471 
Lab testing

Results
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Advection speeds
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The coincidences between rapid decelerations and high directional variability described 687 in section 6.1 further suggest small-scale, locally driven, advection dynamics. 1181  1182  1183  1184  1185  1186  1187  1188  1189  1190  1191  1192  1193  1194  1195  1196  1197  1198  1199  1200  1201  1202  1203  1204  1205  1206  1207  1208  1209  1210  1211  1212  1213  1214  1215  1216  1217  1218  1219  1220  1221  1222  1223  1224  1225  1226  1227  1228  1229  1230  1231  1232  1233  1234  1235  1236  1237  1238 1240  1241  1242  1243  1244  1245  1246  1247  1248  1249  1250  1251  1252  1253  1254  1255  1256  1257  1258  1259  1260  1261  1262  1263  1264  1265  1266  1267  1268  1269  1270  1271  1272  1273  1274  1275  1276  1277  1278  1279  1280  1281  1282  1283  1284  1285  1286  1287  1288  1289  1290  1291  1292  1293  1294  1295  1296  1297  1298   733 Wind tunnel studies, on the other hand, generally report much higher flight 1299  1300  1301  1302  1303  1304  1305  1306  1307  1308  1309  1310  1311  1312  1313  1314  1315  1316  1317  1318  1319  1320  1321  1322  1323  1324  1325  1326  1327  1328  1329  1330  1331  1332  1333  1334  1335  1336  1337  1338  1339  1340  1341  1342  1343  1344  1345  1346  1347  1348  1349  1350  1351  1352  1353  1354  1355  1356 1358  1359  1360  1361  1362  1363  1364  1365  1366  1367  1368  1369  1370  1371  1372  1373  1374  1375  1376  1377  1378  1379  1380  1381  1382  1383  1384  1385  1386  1387  1388  1389  1390  1391  1392  1393  1394  1395  1396  1397  1398  1399  1400  1401  1402  1403  1404  1405  1406  1407  1408  1409  1410  1411  1412  1413  1414  1415 
